悪条件下で撮影された画像の視認性改善に関する研究 by 義 如
  
Nagoya City University Academic Repository 
 
 
 
学 位 の 種 類 
 
 
  博士 (生体情報)  
 
報 告 番 号 
 
甲第１５９４号 
 
学 位 記 番 号   第１６号 
 
氏    名 
 
 
  義 如 
 
 
授 与 年 月 日 
 
 
  平成 29 年 3 月 24 日 
 
 
 
 
 
学位論文の題名 
 
 
 
 
悪条件下で撮影された画像の視認性改善に関する研究 
 
論文審査担当者 
 
 
  主査： 田中 豪 
  副査： 中村 篤, 田上 英明, 村上 和人(愛知県立大学) 
 
 
??????? ??????
?????????????
???????????
2017?
? ?
?????????????????????

??
???????????????????????????????????????????
?????????????????????????????????????
???????????????????????????????????????????
????????????????????????????????????????????
????????????????????????????????????????????
??????????Jobson?????????multiscale retinex?????????????
?????????????????
Retinex???????????????????????????????????????
????????????????retinex???????????????????(1)????
?????????????????(2)?????????????????????????
?????????????????????????????(2)?????????????
???????(1)???????????????????? Retinex???????????
????????????????????????????????????????????
?????????
?????????????????????????????????MSR????????
??????????????? HSV??????????????????????????
????????????????retinex?????????????????????????
????????????????????????????????????????????
????????????????????????????????????????????
????????????????????????????????????????????
????????????????????????????????????????????
???????????????????????????????????
????????????????????????????????????????????
????????????????????????????????????????????
????????????????????????????????????????????
????????????????????????????????????????????
????????????????????????????????????????????
????????????????He???????????????????????????
????????????????????????????????????????????
???????????????????????????????He???????????
???????????????????????He????? Laplacian matrix???? soft
matting????????????????????????????????????????
????????????????????????????????????????????
?????????????????????????????????????????????
???????????????????????????????????????????
????????????????????????????????????????????
????????????????????????????????????????????
???????????????He???????????????????????????
????????????????????????????????????????????
????????????????????????????????????????????
??????????????????????? soft matting???????????????
??? soft matting ??????????????????????????????????
????????????????????????????????????????????
????????????????????????????????????????????
????????????????????????????????????????????
????????????????????????????????????????????
??????????????????????????????? 3????????????
??????????????????????????????
?????????????????????????????????????retinex???
????????????????????????????????????????????
????????????????????????????
??
?? 3
? 1? ?? 1
? 2? ????????? 5
2.1 ??????? . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5
2.2 HSV??? . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6
2.2.1 RGB??? HSV????? . . . . . . . . . . . . . . . . . . . . . . . . . 6
2.2.2 ?? V ????? . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7
2.3 CIEXYZ??? . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7
2.4 CIELAB??? . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8
? 3? Retinex?? 9
3.1 ??? Retinex???? . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 10
3.1.1 Single-Scale Retinex?SSR? . . . . . . . . . . . . . . . . . . . . . . . . . 10
3.1.2 Multiscale Retinex?MSR? . . . . . . . . . . . . . . . . . . . . . . . . . 11
3.1.3 Retinex?????? . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 12
3.1.4 ??????????MSR . . . . . . . . . . . . . . . . . . . . . . . . . . 13
3.2 ???? . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 13
3.2.1 ????????????? . . . . . . . . . . . . . . . . . . . . . . . . . 13
3.2.2 ??????? . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 14
3.2.3 ???? . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 15
3.3 ?? . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 15
3.3.1 ?????? . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 15
3.3.2 ????????? . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 17
? 4? ????? 21
4.1 ?????????? . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 22
4.1.1 ????????? . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 22
4.1.2 ?????? . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 22
 i 
4.1.3 ???????? . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 23
4.1.4 ???????? . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 23
4.2 ???? . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 25
4.2.1 ?????????? . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 25
4.2.2 ???????? . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 26
4.2.3 ????? . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 27
4.2.4 ???? . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 28
4.3 ???????????? . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 28
4.3.1 ?????????? . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 28
4.3.2 ?????????????? . . . . . . . . . . . . . . . . . . . . . . . . 28
4.4 ?? . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 29
4.4.1 ??????????? . . . . . . . . . . . . . . . . . . . . . . . . . . . 29
4.4.2 ???????? . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 30
4.4.3 ???????? . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 30
4.4.4 ????????? . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 32
4.4.5 ????????????? . . . . . . . . . . . . . . . . . . . . . . . . . 36
4.4.6 ???? . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 37
? 5? ?? 39
?? 41
???? 43
???????? 49
???????? 51
?? 53
??? 57
 ii 
? 1?
??
??????????????????????????????????????????
????????????????????????????????????????????
?????????????????????????????????????????????
???????????????????
???????????????????????????????????????????
???????????????????????????????????????????
???????????????????????????????????????????
???????????????????????????????????????????
?????????????????????retinex???? Land?McCann???????
? [1, 2]??????????????????????????????Jobson ???????
?? single-scale retinex [3]? multiscale retinex?MSR?[4]????????????????
???????????????
????????????????retinex???????????????????(1)???
I ??? L ???????? R ??????(2) ?????????????????????
????????????????????????????????(2)??????????
??????????(1)??????????? R??????Retinex??????????
????????????????????????????????????????????
??????????????????????????????????????MSR ???
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????He??????????????????????? [5]??????????????
????????????????????????????????????????????
????????????????????????????????????????????
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??He????? Laplacian matrix ???? soft matting ?????????????????
????????????????????????????????????????????
????????????????????????????????????????????
????????
????????? 1.2????? 1.2(a)?????????? 1.2(b)??????????
1.2(a)?????????????????????????????????????????
????????????????????????????????????????????
???????????????
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????????????????????????????????????????????
?????
? 1????????
? 2?????????????????????????????????????????
???????
? 3????retinex?????????????????????????????????
???????????????????????????????MSR??????????
????????????????????????????????????????????
????????????????????????????????????????????
?????????????????????????????? retinex??????????
??????????????????????????????????????
? 4?????????????????????????????????????????
????????????????????????????????????????????
????????????????????????????????????????????
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????????????????????????????????????????????
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2.1 ???????
???????????????????????????????????????????
???????????????????????????????????R????G????B
?????? 3??????????????? 2.1????????????????????
???
???????????????????????? 2.2?????????????????
????????????????????????????????????????????
??????????????????? (0; 0)?????????? i???j ???????
???????? 2.2?????????????? (i; j)????
R??
G??
B??
?????
? 2.1 ?????? 3??
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ij(i, j)=(0,0)
? 2.2 ?????????????
?????????????????????????????? 8????????????
???????? 2???????? 00000000?? 11111111???????????10???
??RGB????????? 0?255???????????????????????????
2.2 HSV???
???????????????????????HSV??? [79]????H?S?V????
????hue??????saturation?????value??????????[0; 1]?????????
??? RGB? [7]????? r?g?b????
2.2.1 RGB??? HSV?????
????? V ????????
V = max(r; g; b): (2.1)
????max???????????????V = 0????S = 0?H ????????V 6= 0
????????? S ?????????
S =
V   v
V
; (2.2)
v = min(r; g; b): (2.3)
 6 
????min??????????????? H ??????????????
H =
8>>>>>><>>>>>>:

3
g   b
V   v ; r = V ???;

3

2 +
b  r
V   v

; g = V ???;

3

4 +
r   g
V   v

; b = V ???:
(2.4)
????H < 0???? H ??? 2 ????????????????H 2 [0; 2)?S 2 [0; 1]?
V 2 [0; 1]????
2.2.2 ?? V ?????
RGB????? k ??????????????????
r0 = kr; (2.5)
g0 = kg; (2.6)
b0 = kb (2.7)
??????????? (2.5)?(2.7)?? (2.1)?(2.4)???????????HSV? (H 0; S 0; V 0)
??
H 0 = H; (2.8)
S 0 = S; (2.9)
V 0 = kV (2.10)
???????????????? (2.5)?(2.7)?????????H?S ?????V ????
?????????
2.3 CIEXYZ???
CIEXYZ??? [79]?????????CIE?? 1931?????????????? CIEXYZ
??????????????????????????????????????CIEXYZ??
?? 3?? XYZ??[0; 1]????????? RGB? [7]???????????????0B@XY
Z
1CA =
0B@0:4124 0:3576 0:18050:2126 0:7152 0:0722
0:0193 0:1192 0:9505
1CA
0B@RG
B
1CA (2.11)
 7 
XYZ????? RGB?????????????? (2.11)?????????????0B@RG
B
1CA =
0B@ 3:2410  1:5374  0:4986 0:9692 1:8760 0:0416
0:0556  0:2040 1:0570
1CA
0B@XY
Z
1CA (2.12)
????
2.4 CIELAB???
RGB???? HSV???? CIEXYZ??? [79]???? 2??????????????
????????????????????????????????????????????
???????????????????????????????????????????
????????????????????????? CIELAB??? [7]??????????
CIELAB???? CIE 1976 Lab ??????????
Lab ??????? L?a?b ???
L = 116f(Y=Yn)  16; (2.13)
a = 500[f(X=Xn)  f(Y=Yn)]; (2.14)
b = 200[f(Y=Yn)  f(Z=Zn)] (2.15)
???????????
f(x) =
8<:x1=3; x > 0:008856;7:78x+ 16=116; x  0:008856 (2.16)
???????Xn?Yn?Zn??????????????????????????????Yn = 1
???????????????????????????????????Xn = 0:9505?Yn = 1?
Zn = 1:0891????
???Lab ????????? C ?
C =
p
(a)2 + (b)2 (2.17)
???????
?
 8 
? 3?
Retinex??
Retinex???retina????? cortex??????????????????????Land?
McCann???????????? [1, 2]?????????????????????????
????????????Retinex????????????????????????????
?????????????????????????????????????
??????????????????????????????????????????
????????Jobson????????? single-scale retinex?SSR?[3]?multiscale retinex
?MSR? [4]?????????????MSR????????????????MSR?????
????????????????????????????????????????????
????????????????????????????????????????????
????????????????????????????????????????????
????????????????????????????????????????????
??????????????
???????????????????????????????????????????
?????????????????????????????????????????????
????????????????????????????????????????????
?????
???retinex????????????????? [1030]????Kimmel????????
????????????????? [11]?????????????????????????
???????????????????????????????????????????
?? [12]?Jang ??????????????????? MSR ??????? [14]?????
?????? CIELAB?? [7]?????????????????????Terai??????
?MSR????????????????????????????????????????
? [16]?Wang???bright-pass lter??????????? retinex??????? [17]???
????????????????????????????????????????????
??????????????????????????????????
???????????????????????????????? MSR????????
 9 
?????????????????????????????????????????????
3.1 ??? Retinex????
Retinex???????????????????????????????????????
????????????????????????????????????????????
??????????????????????retinex???????????????????
(1) ??? I ??? L???????? R??????
(2) ?????????????????????????????????????????
????????????
?? (1)??
Ic(x; y) = Lc(x; y)Rc(x; y): (3.1)
???????????(x; y)??????????c????????????????????
??????????RGB? 3???????
???? retinex??????????????? L???????????????????
? R????????L??R?????????????????
3.1.1 Single-Scale Retinex?SSR?
?????? c 2 fr; g; bg??????????? ~Rc ????????????
~Rc(x; y) = log
Ic(x; y)
~Lc(x; y)
; (3.2)
~Lc(x; y) = (G  Ic)(x; y); (3.3)
G(x; y) = K exp

 x
2 + y2
22

: (3.4)
???????????????G?????????????????????????SSR
??????????????K ??????????ZZ
G(x; y)dxdy = 1 (3.5)
????????????~L ? I ??????????????? (2) ???????????
Retinex?????????????????????????????????? (3.1)?(3.2)?
??SSR?????? R??????????????????????
~R???????????????? I?????????????????????????
 10 
????? ???????????  ???????? ISSR ? SSR?????? [3]?
ISSRc (x; y) =  ~Rc(x; y) + : (3.6)
SSR???????????  ?????????????????? SSR????????
??????????????????????? SSR?????????????? [14]?
3.1.2 Multiscale Retinex?MSR?
SSR ????????????????????????????????????????
Jobson??MSR????? [4]?MSR?? RMSRc ?????????????????????
? SSR??????????????
RMSRc =
NX
n=1
wnI
SSR
n;c : (3.7)
????N ??????????ISSRn;c ? n???????? SSR???????? c?????
????n??????????????? n?????? Gn???? (3.3)???????wn
? n?????????????????
NX
n=1
wn = 1 (3.8)
??????
???? MSR ?????N = 3?w1 = w2 = w3 = 1=3 ????? 3.1 ?????????
MSR????????????????? 500  328??????(1; 2; 3) = (5; 25; 80)??
5
1
=σ
25
2
=σ
80
3
=σ
???? ????
3/1
1
=w
3/1
2
=w
3/1
3
=w
? 3.1 MSR?????
 11 
???????? (w1; w2; w3) = (0:3; 0:1; 0:6) [14]? (w1; w2; w3) = (0:25; 0:5; 0:25) [18]????
?????
3.1.3 Retinex??????
3.1.1??3.1.2????? SSR?MSR?????????????????????????
????????????????????????????????????????????
????????????????????????????????????????????
????????????????????
?????? 3.2(a)?????????????????? SSR??MSR?????????
???? 3.2(b)?(c)????? 3.2(b)?(c)?? 3.2(a)???????????????????
?????????Jobson??????????MSR?MSR with color restoration??????
??? [4]???????????????????????????????? 3.2(d)????
Terai???? [16]?????? Y ???MSR???? Y 0 ???? k(x; y) = Y 0(x; y)=Y (x; y)
??????? RGB??? (2.5)?(2.7)?????????2.2????????????? V
??????????????????H ???? S ???????Terai??????????
???????????????????????????
? 3.2????????????????????????????SSR?MSR?Terai???
??????????????????????????????????????????SSR?
MSR?Terai??????????????????????????????????????
(a) (b)
(c) (d)
? 3.2 Retinex???? (a)?????girl??(b) SSR?(c) MSR?(d) Terai????
 12 
???????SSR?MSR?Terai????????????????????????????
?????????????????????????????????????
3.1.4 ??????????MSR
3.1.2?????MSR?????????????????????????? 3.2?????
??????????????????Kimmel??????????????????????
? [11]?????????????????????? L?????? (3.1)?????????
? R???????L????????L0 ???????????????? L0 ?????? R
??????????????????????????????????HSV????????
V ????????
Wang???????? retinex??????????????????????Gaussian lter
? bilateral lter [6]????? bright-pass lter????????????????? [17]???
????????????????????????????????????????????
??Wang???????bright-pass lter??????????? [0; 1]???????????
????????? bi-log????????????????????????????????
??????????
3.2 ????
????????????????????????????????????????? V ?
?????????MSR????????????????????????????????
??????????
3.2.1 ?????????????
???????
V (x; y) = L(x; y)R(x; y) (3.9)
???????????????? n?????????? ~Ln ?
~Ln(x; y) = (Gn  V )(x; y) (3.10)
??????????????? n??????? ~Rn ?
~Rn(x; y) =
8<:0; ~Ln(x; y) = 0;V (x; y)=~Ln(x; y); otherwise (3.11)
 13 
????????????? ~L??????? ~R?????
~L(x; y) =
NX
n=1
wn ~Ln(x; y); (3.12)
~R(x; y) =
NX
n=1
wn ~Rn(x; y) (3.13)
?????????wn ?? (3.8)??????????
3.2.2 ???????
???????????????????????????????????????????
??? f(x)??
f(x) = (1  x2) h(x) + x2  x; (3.14)
h(x) = 1  (1  x)1 (3.15)
??????????1 ? 2 ???????????????? L^??
L^(x; y) = f
 
~L(x; y)

(3.16)
??????? 3.3(a)????? f ????????????????????????????
????????????????????????????????????????????
????????????????????????
f(x)??h(x)? x????? 1   x2 ? x2 ??????????????????????
3.3(b)? h(x)??? x?????????x? 0?????????????????????
f(x)? h(x)?????????????????x? 1??????????????????
?????f(x)? x????????? (3.14)??????????????????1? 2?
??????? f ????????????????????????????
 0
 0.2
 0.4
 0.6
 0.8
 1
 0  0.2  0.4  0.6  0.8  1
f(x)
x
 0
 0.2
 0.4
 0.6
 0.8
 1
 0  0.2  0.4  0.6  0.8  1
h(x)
x
(a) (b)
? 3.3 ?????? (a) f ???1 = 15?2 = 0:2??(b) h???1 = 15?
 14 
3.2.3 ????
????????????? V 0 ?
V 0(x; y) = L^(x; y) ~R(x; y) (3.17)
????????? (x; y)???????? k(x; y)?
k(x; y) =
8<:0; V (x; y) = 0;V 0(x; y)=V (x; y); otherwise (3.18)
??????????????? I 0 ?
I 0c(x; y) = k(x; y)Ic(x; y) (3.19)
??????? 2.2 ???????????? H ????? S ???????????????
(r; g; b)? (H;S; V )?????????????? (H;S; V 0)? (r; g; b)???????????
?????????????????????????????????H ? S ???????
(3.19)?????????
3.3 ??
??????????????????????? 256 ?????????????????
?????Jobson ?? MSR [4] ???????? Wang ???? [17] ?????Jobson ??
MSR ????????? N = 3?(1; 2; 3) = (5; 25; 80)?w1 = w2 = w3 = 1=3? = 170?
 = 120????Wnag????????????????????????????? N = 3?
(1; 2; 3) = (5; 20;1)?w1 = w2 = w3 = 1=3?1 = 15?2 = 0:2???????3 =1???
(3.10)?????????~L3 ? V ???????????????
3.3.1 ??????
? 3.4??? shoe????????????????Jobson?????? 3.4(b)??????
???????????????????????????????????????????
????????Wang?????? 3.4(c)???????? 3.4(d)?????????????
??Wang????????????????????????????????? 3.5????
???? Y ???????? 2??????????????????????????????
3.5(a)???????????Jobson???????????????????????????
????????????????????????Wang?????????????????
????????????????????????????????????????????
?????????????????????
 15 
(a) (b)
(c) (d)
? 3.4 ?? shoe????? (a)?????(b) Jobson?????(c) Wang?????(d)????
? 3.6??? parking????????????MSR?????? 3.6(b)??????????
??????????????????????????????????Wang???????
??? 3.6(c)??????????????????shoe???????????????????
?????????????? 3.6(d)??????????????????? 3.7??parking?
????????????????????? 3.7(a)?(c)?????????MSR???Wang
??????????????????????????????????????? 3.7(d)??
????????????????????????????????????????? 3.7(a)
?????????????????????????????????????? 3.7(a)?(d)?
RGB????????????(253,253,254)?(226,225,215)?(186,192,253)?(254,254,254)??
????????????????????????????????????????????
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(a) (b)
(c) (d)
? 3.5 ?? shoe? 2?????? (a)?????(b) Jobson?????(c) Wang?????(d)????
3.3.2 ?????????
Wang????????????? lightness-order-error?LOE?????? [17]???????
??????????? LOE?????
LOE =
1
MWMH
MWX
x=1
MHX
y=1
D(x; y); (3.20)
D(x; y) =
1
MWMH
MWX
x0=1
MHX
y0=1
U(V (x; y); V (x0; y0)) U(V 0(x; y); V 0(x0; y0)); (3.21)
U(i; j) =
8<:1; i  j;0 otherwise: (3.22)
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(a) (b)
(c) (d)
? 3.6 ?? parking????? (a)?????(b) Jobson?????(c) Wang?????(d)????
(a) (b)
(c) (d)
? 3.7 ?? parking???????? (a)?????(b) Jobson?????(c) Wang?????(d)????
????MW ??????MH ?????????????????????LOE??????
????????????????? (x; y)? (x0; y0)?????? V ????????????
????????????????????????????????????????????
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? 3.1 ?????????????? LOE???
??
??
Jobson???? Wang???? ????
girl 0.2663 0.0973 0.0970
parking 0.2097 0.0782 0.0549
shoe 0.1297 0.1628 0.0922
??????? LOE??????????????????? d?
d =
50
min(MW;MH)
(3.23)
????????? dMW  dMH ????????? LOE????? [17]?
?????????? LOE???????? 3.1????LOE??????????????
????????????????????????? LOE?????????????????
? 3.5??????????shoe?????????Wang?????????????
???????????????????????????????????????????
??????????????????? V ???????????????????????
????????????????????????????????????????????
????????????????????????????????????????????
???
???
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? 4?
?????
???????????????????????????????????????????
?????????????????? [5, 3154]?Tan??????????????????
???????????????????????????????????????????
??? [31]?Fattal???????????????????????????????????
??????????? [32]????Tarel?? median lter [55]??????????????
??? [33]????bilateral lter?BF?[6]?????????????? [34, 35]. ?????
? [34]? BF????? min-max BF?????????????????? [35]??????
??????????????????????????????? BF???????????
????????????????????????
He???????????????????????? [5]????????????????
???????????????????????????????????????????
????????????????????????????????????He ??????
?????????????????????????????????He?????????
????????????????????????????????????????????
???????????????? Laplacian matrix???? soft matting?????????
????????????????????????????????????????????
???????????????????????
???????????????????????????????????????????
????????????????????????????????????????????
????????????????????????????????????????????
????????????????????????????????????????????
???????????????????????????????????????????
????????????????????????????????????????????
????????????????????
???????????????????????????????????????????
????????????????????????????????????????????
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????????????????????????????????????????????
?????????????????????????
4.1 ??????????
??????????????????? He???? [5]?????????????????
???? soft matting?????????????????????
4.1.1 ?????????
???????????????????????
I(x) = J(x)t(x) +A(1  t(x)) (4.1)
??????????I ??????????????????x???????t?????A?
???????J ???????????????????He???????????????
????
???????I ?? A?? t???????????? J ???????????????
??J ??
J(x) =
I(x) A
max(t(x); t0)
+A (4.2)
??????????t0 ? t(x)  0????????????????????????t0 ???
???????? 0.1?????????
4.1.2 ??????
He?????????????????????????????????????????
???????????????????????????????????? I = (IR; IG; IB)
?????????????? Idark ????????????
Idark (x) = min
y2
(x)

min
c2fR;G;Bg
Ic(y)

: (4.3)
????c??????????
(x)??????? x???  ???????????He
??????? = 15??????????????????????????????????
?????
???A = (AR ; AG ; AB )?????????????????????????
Ac = I
c(argmax
x2S
Y (x)): (4.4)
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(a) (b) (c) (d)
? 4.1 ????? Canon (a)????? (b)?? (a)???????? Idark15 ?(c)?? (a)????(d)?? (c)
???????? Idark15
????S ???????? Idark ?????? 0.1%???????????????????
? (4.4)??Idark ????????????????????? Y ??????????????
????????????????????????????????????????????
???????????
?????????? Canon?????????? Idark15 ?????? 4.1(a)? 4.1(b)????
? 4.1(c) ?? 4.1(a) ??????????????????? 4.1(d) ?? 4.1(c) ??????
?????? Idark15 ??????????????????????????Idark15 ???????
??????????????????????????????????
4.1.3 ????????
He??????????Idark15 ?????????????????????????????
?? [56]?????matting Laplacian matrix??? soft matting?????????????
??????????BF???????????????????????????? t????
4.1.4 ????????
He???????????????????? t?????????????????????
????????????????
???t??????????? 4.2?????????????? 4.2(a)??????????
??????? 4.2(b)?????????????? 4.2(b)?????????????????
????????????? 4.2(b)????????????????????????????
?????????????????????????????????????? 4.2(a)???
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(a) (b)
? 4.2 He????????????? (a)??????Canon??(b)????
? 4.3 He????????? Canon??????
?????????? 4.3????? 4.4?? 4.2?????????????????????
4.4(c)?????????????????????????????????? 4.4(b)????
????????????????????????????????????????????
???He???????? (4.2)??????? J ??????????????J ????
?????? [5]????????? I ????????A????????? (4.2)?????
???????????????????????????? 4.4(a)?(c)???????????
?????????????????????????????????????????? [5]
????????????????????????????????
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(a) (b) (c)
? 4.4 ? 4.2??? 4.3???????? 4.2(b)??????????(a)??????(b)??????(c)????
4.2 ????
???????????????????????????????????????????
? I ?? A?? t?????? (4.2)??????? J ??????????????????
??????????????????????????? ~t? 2??????????1???
????????????????????????????????????????????
?????????????2???? BF????????????????????????
?????????????????????????????????????????? [35]
?????????????????????????
4.2.1 ??????????
???????????????????????????????????????????
?????????????????????????????
??????????????????????????????????????????
?????? R?G?B???????????????????????????????
????????????R?G?B??????????????????
????????????????????????????????????????????
????????????255????????????
~t(x) = 1  1
255
Idark1 (x): (4.5)
???? ~t?????????????
He??????  = 15????????????????????????????????
????????????????????????????????He??????????
????????????????????????????????????????????
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(a) (b) (c) (d) (e)
? 4.5 ? 4.2??? 4.3???????? 4.2(b)?????????? (a)??????(b) He???????
?????(c) He ???????????(d) ????? ~t ??????????(e) ????? t^ ??????
??
(a) (b)
? 4.6 ????? ~t??????????????? (a) ??????house??(b) (a)?????
????????????????????????????????????????????
???????????????????????????????? 255??????????
????????????????????????????????????????????
?????????????
????? 4.5?????????????????????????? 4.5(a)?(c)?? 4.4?
??????????????????? 4.5??????? 4.5(d)?????????????
?? ~t????? 4.5(d)?????????????????????????????????
???????? 4.5(e)? t^???????????????????????????????
??????????????????? t^? ~t???????????????????
4.2.2 ????????
???????? ~t??????????????????????????????????
????? 4.6?????????????????????????????????????
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??????????????????????
???????????????????????????????????????????
????????????????????? (4.2)???????????????? t? 1?
?????????????????????????t??????????????????
????????????????t???????????????????
t^(x) =
8>>><>>>:
0; f(~t(x)) < 0;
f(~t(x)); 0  f(~t(x))  1;
1; otherwise;
(4.6)
f(x) = (   )x+  (4.7)
????????????? t^????????f ????????????????????
?  ?????????????   ??????  ??????????????????
??????????????????????  ????? 0?1????t^? ~t???????
????? ~t? 1 1?????????????????????????????????
???????????????? t^???????????????????????????
????????????????????????????????????????????
????????????
4.2.3 ?????
?????????????????? (4.5)????????~t??????????????
???????????????? (4.6)??????????????????????????
????????????????????????????????????????????
????????????????????????????????????????????
????????t^???????????????????????????????????
?????????????????????????????? [35]????BF??????
??????????
???????? t??
t(x) = B(B(t^); x) (4.8)
???????????B ? BF???????????????
B(t^; x) =
X
y2
0 (x)
t^(y)G1(x; y)G2(x; y)X
y2
0 (x)
G1(x; y)G2(x; y)
; (4.9)
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G1(x; y) = exp

 (d(x; y))
2
212

; (4.10)
G2(x; y) = exp

 (t^(x)  t^(y))
2
222

(4.11)
????????d(x; y)??? x? y?????????????0????????????1
? 2 ??????????????????????????B(t^)?????????????
??????????B(t^; x)??? x????? B(t^)??????? (4.8)?????????
???????? BF??? 2????
4.2.4 ????
?????????????? (4.4)????  = 15?????????????A15 ????
?????????? J ?? (4.2)????
J(x) =
I(x) A15
max(t(x); t0)
+A15 (4.12)
??????????t0 ???????????? t0 = 0:1????
4.3 ????????????
?????????????????? 4.3.1??????????????????????
???? 4.3.2???????
4.3.1 ??????????
??????????????????????????????????????????
?????????????????????????????????????????????
????????????????????????????????????? (4.4)????
??????????????????????????????????? 1????????
???????? (4.2)???? J ? I ?????????????????????? J ??
??? I ?????????????
???????????????????????????????????????????
?????????????????????????????????????????????
?????????????????
4.3.2 ??????????????
???????????????????????????????????????????
????????????????????????????????????????????
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??????? (4.2)?A? t????????????????? ?  ??????? t??
????????????????????????????????????? ??????
?????????? ????????t^?????????????????????????
????????????????????????????????????????????
????????????????????????????????????????????
???????????? e(P;Q)??????e(P;Q)????
e(P;Q) =
hP outi
hP ini
hQouti
hQini (4.13)
????????P ? Q ????????????????P in ? P out ??????????
???????????hi?????????????????????????? x????
P in(x)??????hP ini?
hP ini = 1
n
nX
x=1
P in(x) (4.14)
???????????n?????????????hP outi?hQini?hQouti? hP ini?????
????????????e(P;Q)????????????????????????????
???????????????????
4.4 ??
?????????????????????????? 256???????????????
???????He???? [5]??????? [34]??????? [35]?????t0 ?????
???? 0.1 ????????????????????????????? 0 = 13?1 = 2?
2 = 0:13????????? ??  ??????????????????????????
????????????????????????????????
4.4.1 ???????????
? 4.6????????~t???????????????????????????????
????????????????????????????????????? house????
??? 4.7????? 4.7????????????????????????????????
??? 4.8? house????????????????? 4.8(b)???????????????
???????????????????? 4.8(c)?????????????????????
????????????????????????~t? 1?????????????????
????
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? 4.7 ????????? house????????
(a) (b) (c)
? 4.8 House?????????????(a)??????(b)???????(c)?????~t????????
4.4.2 ????????
4.2.2?????????????? ~t??????????????????????????
????????? 4.9(a)? ~t????????????????????? 4.9(b)??????
????? t^??????????????????????????????????????
?? ??  ??????????????????????????????????? ?
 ?????????
? 4.10?? 4.4????????? 4.2(b)???????????????????????
????????????? t^???????????????????????
4.4.3 ????????
??????????????????? train?? 4.11(a)????????? 4.11(b)???
?????????? 4.11(c)?(d)???????????????????? 4.11(c)????
4.11(b)????????????????????????????????????? 4.11(d)
??????????????????????????????????
????????????????????????????people?? 4.12(a)???????
??? 4.12(b)??????? 4.12(a)????????? 4.12(c)? t^????????????
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(a) (b)
? 4.9 ???????? (a) ~t???????(b) ????????? t^???????(; ) = ( 0:1; 1:4)?
(a) (b)
? 4.10 ? 4.4??????? (a)????? t^?(b) t^??????
(a) (b) (c) (d)
? 4.11 ???????????????? (a)??????train??(b)??????????????(c)??
??????(d)????????0 = 13?1 = 2?2 = 0:13?
?????? 4.12(d)? t????????????????????????????????
???? 4.12(e)????????????????????????????
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(a) (b) (c) (d) (e)
? 4.12 ???????????????????????????????(; ) = (0:00; 0:95)?(a)?????
?people??(b) (a)????(c) t^????????????????(d) t???????(0; 1; 2) = (3; 0:3; 0:13)??
(e) t???????(0; 1; 2) = (13; 2; 0:13)?
? 4.1 ?????????????????
??? HSV XYZ Lab
??? V Y L
???? S  C
? 4.13 ???? road
4.4.4 ?????????
????????????????????????????????? 4.1????????
??e(V; S)?e(Y; S)?e(L; C)??????????????????? ??  ??????
????????????????????????????????????????????
?????? e???????????
???? 4.13 ?????? road ???????????????? ? [ 0:5; 1:0]? ?
[0:0; 1:5] ???? 0.1 ??????????? e(V; S)?e(Y; S)?e(L; C) ????????
4.14(a)?(c)???????????????????????????????3??? e??
??????????? (; )?????? (0:0; 1:1)?(0:2; 0:9)?(0:0; 1:5)????e(L; C)?
?????????  > 1:5??????????????? ???????? [0; 1]????
??????????????????????????(; ) = (0:2; 0:9)??????????
???? (; )??????????? 4.15????? 4.15?? e(V; S)?e(Y; S)??????
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(a)
(b)
(c)
? 4.14 ??????? road????????????????????? (a) e(V; S)?(b) e(Y; S)?(c) e(L; C)
????????????????e(L; C)????????? (; ) = (0:0; 1:5)??????
??????? 4.16????
? 4.15????????e(V; S)???????????????????road???????
??????????????? V ????? (2.1)?????????????V ? RGB???
??????????? 2?????????????????????????e(V; S)? HSV
???????????????????????????????????????e(Y; S)??
?????????????????????????????????????? 4.15????
??????e(Y; S)???????????????????????????????????
?????????????????????CIELAB????????? L ??? C ???
? e(L; C)???????????????????????? 4.16????????e(L; C)
????????????????????????????????????????????
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(0:0; 0:7) (0:0; 0:8) (0:0; 0:9) (0:0; 1:0) (0:0; 1:1)
(0:1; 0:7) (0:1; 0:8) (0:1; 0:9) (0:1; 1:0) (0:1; 1:1)
(0:2; 0:7) (0:2; 0:8) (0:2; 0:9) (0:2; 1:0) (0:2; 1:1)
(0:3; 0:7) (0:3; 0:8) (0:3; 0:9) (0:3; 1:0) (0:3; 1:1)
(0:4; 0:7) (0:4; 0:8) (0:4; 0:9) (0:4; 1:0) (0:4; 1:1)
? 4.15 ??????? road????????????????? (; )??????
? 4.16 ??????? road?????????(; ) = (0:0; 1:5)?
????????e(L; C)????????????????????????
?????????????? 4.17?house???? 4.18?Tiananmen?????(a)?????
???(b)?(c)????? e(V; S)?e(Y; S)???????????????? 4.17(b)?(c)???
????????????????????????????? 4.18??e(V; S)??? e(Y; S)?
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(a) (b) (c)
? 4.17 ????????? house???????? (a)????(b) e(V; S)????????????(; ) =
(0:0; 1:0)??(c) e(Y; S)????????????(; ) = ( 0:1; 1:0)?
(a) (b) (c)
? 4.18 ????????? Tiananmen ???????? (a) ????(b) e(V; S) ???????????
?(; ) = ( 0:1; 1:0)??(c) e(Y; S)????????????(; ) = (0:6; 0:9)?
??????????? 4.18(c)??????????????? 4.17?? 4.18???? e(V; S)
? e(Y; S)?????????????????????????????????? e(Y; S)??
? e(V; S)???????????????
???house? Tiananmen??????e(L; C)????????????????????
4.19(a)? house???? e(L; C)?????????(; ) = (0:2; 1:2)?????? 1.01??
???????????????????????????????????????? 4.19(b)
? Tiananmen ???? e(L; C) ??????????????? 1.00 ??????????
?????(; ) = (1:0; 1:0)?????? (4.7)???????? t^????? 1???????
??? (4.2)???????? J = I ????? (4.13)??????? I ????? J ????
??? e = 1???? 6=  ???????????????????????? 4.19(b)???
??????????????????????????????????hLouti=hLini  1?
? hCouti=hCini  1????????? e(L; C)  1??????????????????
????????????????????????????????? e(L; C)???????
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(a)
(b)
? 4.19 ?????????????????? e(L; C)????? (a) house?(b) Tiananmen
4.4.5 ?????????????
?????????????????????????????e(Y; S)??????????
??????????? He???? [5]??????? [34]?????? [35]?????????
t0 ????????? 0.1?????????????????????? ??  ??????
????? e(Y; S)????????????????
?? Canon???? train ????????????????? 4.20?? 4.21???????
?????? e(Y; S)?????? hY outi=hY ini???? hSouti=hSini???????? 4.2??
4.3????
???Canon?????????????????? 4.20(d)???????????????
???????????????????????????????????????????
4.20(c)????????????????????????????????????????
4.20(e)???????????????????e?????????????????? He?
????? 4.20(b)????????????????????????????????
train?????????????????????? He????????????? e???
??????????????????????????????? 4.21(a)????????He?
?????????? 4.21(b)??????????????????????????????
????????????????????????????????????????????
????????????????????????????????? 4.21(c)???????
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(a) (b) (c) (d) (e)
? 4.20 ?? Canon??????????? (a)??????(b) He?????(c) ???????(d) ???
???(e)?????(; ) = ( 0:2; 0:9)?
(a) (b) (c)
(d) (e)
? 4.21 ?? train??????????? (a)??????(b) He?????(c)???????(d)????
??(e)?????(; ) = (0:4; 0:9)?
?? 4.21(d)????????????????????????He?????? 4.21(b)????
??????????? ????????????????? 4.21(e)???????????
??????
4.4.6 ????
??????????????????????????????? 600 400???????
???????He?????????????????????????????????25.8
??2.7 ??2.1 ??3.4 ????????????????????????????? Intel®
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? 4.2 ?? Canon????????????
??
???????
He? ??? ?? ??
e(Y; S) 1.62 1.40 0.79 1.52
hY outi=hY ini 0.64 0.40 0.80 0.50
hSouti=hSini 2.55 3.45 1.00 3.02
? 4.3 ?? train????????????
??
???????
He? ??? ?? ??
e(Y; S) 2.24 1.39 0.81 2.33
hY outi=hY ini 0.62 0.18 0.20 0.55
hSouti=hSini 3.62 7.69 4.01 4.24
Core i7-3770 3.40 GHz??????????? 8.00 GBytes???????????????
?? 64-bit Windows 10????He????????????MATLAB® ?????????
???????????????? C??????????Microsoft Visual C++ 2010 Express
(version 10.0.40219.1 SP1Rel) ?????????He?? soft matting????? guided lter
??????? [57]??? [57]???600 400??????????guided 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0.04?????soft matting ? 10?????????????????
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 > 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??????????????????~t ???? t????BF??????????????
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? 5?
??
???????????????????????????????????????????
?????retinex????????????????????????????????????
???????????
? 2?????????????????????
? 3????retinex???????? retinex??????????????????????
????????????????????????????????????????????
????????????????????????????????????????????
????????????????????????????????????????
? 4?????????????????????????????????????????
????????????????????????????????????????????
???????????????BF???????????????????????????
????????????????????????????????????????????
????????????????????????????????????????????
????????????????????????????????????????????
????????????????????????????????????????????
????????????????????????????retinex????????????
??????????????????????????????Retinex??????????
????????????????????????????????????????????
??????????????? V ???????????????????????????
????????????????????????????????????????????
????????????????????????????????????????????
????????????????????????????????????????????
???????????????????????????????????
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??
???????????????????????????????????????????
??????????????????????????????????????
???????????????????????????????????????????
???????????????????????????????????????????
????????????????????????????????????????????
???
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